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COMPOUNDS 



Field of die Tny^ntipn 

The present invention relates to novel compounds which arc aminopyrimidine derivatives. 
The invention also concen»s related aspects including pn)cesses for the preparation of the 
compounds, compositions containing them and tiieir use as pharmaceuticals. There arc 
also provided chemical intermediates useful for the production of the compounds. 

Background of the Invention 

Nitric oxide is produced in mammalian cells from L-arginine by the action of specific nitric 
oxide synthases (NOSs). These enzymes faU into two distinct classes - constitutive NOS 
(cNOS) and inducible NOS (iNOS). At the present time, two constitutive NOSs and one 
mducible NOS have been identified. Of the constitutive NOSs. an endodielial enzyme 
(ecNOS) is involved with smooth muscle relaxation and the regulation of blood pressure 
and blood flow, whereas the neuronal enzyme (ncNOS) serves as a neurotransmitter and 
swears to be involved in the regulation of various biological functions such as cerebral 
ischaemia. Inducible NOS has been particularly impUcated in the patfiogenesis of 
inflammatory diseases. Regulation of these enzymes should therefore offer considerable 
potential in the treatment of a wide variety of disease states (J. E. Macdonald, Ann. Rep. 
Med. Chem.. 1996, 31, 221 - 230). 

Disclosure of the Invenrinn 

According to the invention, diere is provided a compound of formula (I): 




(I) 



wherein:- 
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R lepiescnts hydrogen, alkyi CI to 6, alkoxy CI to 6, halogen or trifluoromethyl; 
R^ represents hydrogen or alkyl CI to 6; 

A represents a five membeied heterocyclic aromatic ring containing 1 to 3 heteroatoms which 
may be the same or different and are selected from O, N and S; or a six membered 
heterocyclic aromatic ring containing 1 to 3 nitrogen atoms; 

(i) R^ represents phenyl, a six membered heterocyclic aromatic ring containing 1 to 3 
nitrogen atoms, or a five membered heterocyclic aromatic ring containing 1 to 3 heteroatoms 
which may be the same or different and are selected from O, N and S, whidi phenyl or 
heterocyclic aromatic ring may be optionally substituted by alkyl CI to 6, alkenyl C2 to 6, 
alkynyl C2 to 6, alkoxy CI to 6, halogen, hydroxy, alkylthio CI to 6, cyano, trifluoromethyl. 
nitro or a group -NR^^; 

and R^ R^ and R^ independently represent hydrogen or alkyl C 1 to 6; 



or 



(ii) R^ represents alkyl CI to 8, alkenyl C2 to 8 or alkynyl C2 to 8; 
and R^ represents hydrogen or alkyl CI to 6; 



or 



3 4 

Cm)R andR together leprcsent (CH2)a • Z - (CH2)b.Z representing N(COOr\ 
wherein R represents alkyl CI to 6 or haloalkyl CI to 6, or R^ represents a group 

(CH2)nYR wherein n represents an integer from 2 to 5, Y represents O, S or a bond and 
9 

R represents alkyl CI to 6 optionaUy substituted by halogen or nitro, or R^ represents 

phenyl optionally substituted by alkyl CI to 6, halogen or nitro; and 

a and b independentiy represent an integer 1 to 3, provided that a + b is 3 or 4; 

or 

3 4 

(iv) R and R togetiier represent (CH2)a • Z • (CRi^ Z representing N(COr\ 
wherein R^ represents phenyl, a six membered heterocyclic aromatic ring containing 1 to 3 
nitrogen atoms or a five membered heterocyclic aromatic ring containing 1 to 3 
heteroatoms which may be the same or different and are selected from O. N and S, which 
phenyl or heterocyclic aromatic ring may be optionally substituted by alkyl CI to 6, alkoxy 
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CI to 6, halogen, nitro, cyano. trifluoromethyl, alkylsulphonyl CI to 6 or aminosulphonyl; 
and 

a and b independently represent an integer 1 to 3, provided that a + b is 3 or 4; 
or phannaceuticany acceptable salts, enantiomers, racemates and tautomeis thereof. 

The invention further provides a process for the preparation of such compounds or a 
pharmaceuticaUy acceptable salt, enantiomer, racemate or tautomer thereof. 

Accordmgto the invention there is also provided a compound of formula (D, or a 
pharmaceuticaUy acceptable salt, enantiomer, racemate or tautomer Uiereof , for use as a 
medicament 

Anotiier aspect of the invention provides tiie use of a compound of formula (I) or a 
phaimaceutically acceptable salt, enantiomer. racemate or tautomer Uiercof . in die 
manufacture of a medicament, for the treatment or prophylaxis of diseases or conditions in 
which uihibition of nitric oxide synthase activity is beneficial. 



or 



A more particular aspect of the invention provides the use of a compound of formula (D 
a pharmaceuticaUy acceptable salt, enantiomer, racemate or tautomer tiiereof. in tiie 
manufacture of a medicament, for die treatinent or prophylaxis of inflammatoiy disease. 

Accordmg to the mvention. there is also provided a method of treating, or reducing die risk 
of. diseases or conditions m which inhibition of nitric oxide syntiiase activity is beneficial 
which comprises«dministering to a person suffering from or at risk of, said disease or 
condition, a therapeutically effective amount of a compound of formula (I) or a 
pharmaceuticaUy acceptable salt, enantiomer, racemate or tautomer tfiereof. 

More particukurly. tiiere is also provided a mediod of treating, or reducing the risk of. 
mflammatoiy disease in a person suffering from or at risk of. said disease, wherein tiie 
meOiod comprises administering to die person a tiierapeutically effective amount of a 
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compound of formula (I) or a phannaceuticaUy acceptable salt, enantiomer.iacemate or 
tautomer thereof. 

The compounds of the present invention may also be used advantageously in combination 
with a second pharmaceutically active substance, particularly in combination with a 
selective inhibitor of the inducible isoform of cyclooxygenase (COX-2). Thus, in a further 
aspect of the invention there is provided tlje use of a compound of formula (I) or a 
pharmaceutically acceptable salt, enantiomer, racenwte or tautomer thereof, in combination 
with a COX-2 uihibitor for the treatment of inflammation, inflammatory disease and 
inflammatory related disorders. And there is also provided a method of treating, or 
reducing the risk of, inflammation, inflammatory disease and inflammatory related 
disorders in a person suffering from or at risk of, said disease or condition, wherein the 
mefliod comprises administering to the person a ther^uticaUy effective amount of s 
connpound of formula (D or a pharmaceutically acceptable salt, enantiomer. racemate 
tautomer thereof in combinadon with a COX-2 inhibitor. 



a 

: or 



Preferably. A represents a thieno ring. Especially preferred embodunents are where the 
compound of formula (1) is a thieno(2,3-iqpyrinildine or a diieno[3,2nrflpyrimidine. 

In another preferred embodiment, A represents a pyrido ring. EspedaUy preferred 
embodiments are where the compound of formula (1) is a pyrido[23-rfIpyrimidine, 
pyrido[3.2-dJpyrimidine. pyrido(3,4d]pyrimidine or pyrido[43-dlpyrimidine. 
Pyrido[3,2-dlpyrimidine compounds of formula (I) are the most prefened. 

Preferably, R represents phenyl, cyclopropyl, ethyl, thiazolyl, ethynyl or furanyl. 



In another preferred embodiment, wherein and R^ arc m accordance with option (iii) 
formula (I), Z represents N(COOC2H5), and a and b each has a value of 2. 



m 



Especially preferred compounds of the invention include: 
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7-ainino-4,S-dihydro-5-phenyIthimo[3^-/i]p)Timidine; 

5-cyclopropyl-4,5Hlihydixv7-aininothieno[3,2-d]pyriinidine; 

5-ethyI-4^Klihydro-7-aininothieno[3,2-J]pyrimidine; 

5-(2-thiazolylH.5^iihydn)-7-aininothieno[3^Hqpyriimdine; 

5-(2-furylH.5-<iihydio-7-anunothieno(3;2-<0pyrimidine; 

7-aimno-4^Hlihydro-S-«tbynylthieno[3,2-^yriiiiidine; 

ethyl 7'-aiiiinospko[piperidine-4.5'(4'fl)-thieno[3,2nrflpyrimi 

ethyl4'-anim(>-3'-chlorospiroU)iperidine-4.6'(7'f0-thieno[2,^ 

4'-aniino^4<yanoben2oyl)^5)iro[piperidine-4^'-(l'H>^^ 

4'-amino-(2-thiOToyl)^;piro[piperidine-4,2'-(r/0-(pyrido[3,2Ki]pyri 

ethyl 4'-aminospiro(piperidine-4,2^(l'^-(pyrido[3.2-d]pyrimidine)]-l-carboxy^ 

4'-anuno<4^anobeii2oyI)^jpiro(piperidine-4,2Xl'flHpyri^^ 

ethyl 4'-aininospiro[piperidme-4^Ml'Wpyrido[3.4-d]pyiim 

4'.aimno-(4-cyanobenzoyl)^q)iro[piperidine-4^'Kl'fl)^ 

ethyl 4'-aininospiro[piperidii»A2'Kl'/0-(pyrido(23Kl]pyrimidine)]-l^ 
4-aiiiino-2-(2-thienyl>^yiido[3,2-d]pyriinidine; 

7'-amino-l-(6-cyano-3-pyridinecaibonyl>pko(piperidine-4,5M4liH^^^ 
pyrimidine)]; 

and phannaceutically acceptable salts, enantiomers or tautomers thereof. 

Unless otherwise indicated, the term "CI to 6 alkyl " referred to herein denotes a straight or 
branched chain alkyl group having from 1 to 6 carbon atoms or a cyclic alkyl group having 
from 3 to 6 carbon atoms. Examples of such groups include methyl, ethyl, n-propyl, i- 
propyl. n-butyl, i-buQrl, t-butyl. cyclopentyl andcyclohexyl. 

Unless otherwise mdicatcd, the term "C2 to 6 alkenyl " referred to herein denotes a straight 
or branched chain alkyl group having from 2 to 6 carbon atoms and including one double 
bond or a cyclic alkyl group having from 3 to 6 carbon atoms and including one double 
bond. Examples of such groups include edienyl, 1- and 2-propenyl, 2-methyl.2.propenyl. 
2-butenyi, cyclopentenyl and cyclohexenyl. 
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Unless otherwise indicated, the term " C2 to 6 alkynyl " referred to herein denotes a 
strai^t or branched chain alkyi group having from 2 to 6 carbon atoms and including one 
triple bond. Examples of such groups include ethynyl, 1- and 2-propynyl and 2-butynyL 

Unless otherwise indicated, the term "CI to 6 alkoxy " referred to herein denotes a straight 
or branched chain alkoxy group having from 1 to 6 carbon atoms. Examples of such groups 
include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy and t-butoxy. 

Other groups, for example, alkylthio, haloalkyl. alkylsulphonyl, are to be interpreted 
similarly. 

The process mentioned above, for die preparation of confounds of the invmtion, or a 
pharmaceutically acceptable salt, enantiomer, racemate or tautomer thereof comprises: 
(a) reactionof a conqxjund of formula ODD 

R2 



(») 




wh^in A, R' and are as defmed above, 

witii a compound of formula (EI) or an acetal derivative thereof 

R3COR4 (III) 

wherein R^ and R^ are as defined above; or 

(b) reaction of a compound of formula (IV) or (IV) 
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(IV) 




(IV) 



wherein A, R', R^ and R" are as defined above, and R^ represents an alkyl group; 
with ammonia or an equivalent thereof; or 

(c) prq)aration of acompound of fomuila 0) in which R^ and r"* are accordmg to option (i) 
in the general definition of formula (I) given above andone or both of R^ and R** represents 
alkyl CI to 6. by allqdation of a coircsponding compound in which one or both of R^ or R^ 
rqnesents hydro^n; or 

(d) preparation of a conqxmd of fbimula (I) in which R^ represents alkyl CI to 6, by 
alkylation of a corresponding compound in which R^ represents hydrogen; or 

(e) deprotection of a compound of formula (D in which one or more nitrogen atoms and/or 
another atom is protected; or 

(f) preparation of a compound of fomnila (D in which R^ and R* are in accordance with 

option (iv) in the general definition of formula (1) given above, by reacting a conq)ound of 
formula (V) 
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R2 



VIX^N (V) 

Nh 

1 2 

wherein A, R , R , a and b are as defined above, 
with a compound of formula (VI) 

X— L (VI) 

wherein X represents COOR^ or COR« . R^ and R« being as above, and L is a leaving 
group; 

and where desired or necessary converting the resultant compound of formula (D. or 
another salt thereof, into a pharmaceuticaUy acceptable salt thereof, or vice versa.' and 
where desiredconverting the resultant compound of formula (D into an optical isomer 
thereof. 

In process (a), the reaction of compounds of formulae (ID and (m) may be performed by 
stirring the reactants in an inert solvent at a temperature between room temperature and the 
boiling temperature of the solvent for a period of up to 72 hours, or until reaction is complete. 
We have found that it is often convenient to use the compounds of formula (ID) in a protected 
fomi, for example as an acetal such as the diethoxy acetal. The process is then preferably 

carried out in the presence of an acid catalyst ITie required acetals may be fonned by reac^ 
an unprotected compound of formula (m) with an alcohol such as ethanol using methods that 
arc well known in the art 



In process (b). the reaction may be performed by bubbhng ammonia gas through a solution of 
thecompoundofforniulaONOorOVOinaninertpolarsolvent Alternatively, the reaction 
may be performed by treating a solution of the compound of formula (IV) or (IV) in a polar 
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protic solvent with aqueous ammonia, ammonia in acetonitrile or with methanoUc ammonia 
or by treating the compound of foimula (IV) or (IV) with ammonium iodide and ammonia in 
alcohol solutimi. 



m 



In processes (c) and (d). the alkylation reaction may be performed by processes weD known 
the art For example, the amine may be reacted with an alkyl halide, especially an alkyl 
bromide or iodide. 

In process (e). protectmg groups for amines mclude alkyl. aialkyl. acyl. acyl sulphonyl, aiyl 
sulphonyl and trialkylsUyl. Tenninal aOcynes may also be protected using a trialkybilyl 
group. When the protecting group is tiialkylsilyl. this group may be removed using, for 
example, tetra-n-butylammonium fluoride. Other protecting groups and further details of 
processes for Iheir removal may be found by reference to the standard text "Protecting Groups 
in Organic Synthesis". 2nd Edition (1991) by Greene and Wuts. 

In process (f). the reaction may be performed by combining the reactants in an inert solvent 
at a suitable temperature in the presence of a base, for example, pyridine. Although a 
number of standard leaving groups L are suitable, we prefer that L represents a halogen, 
especially chlorine or bromine. 

TTie present invention includes compounds of formula (1) in the form of salts, in particular 
acid addition salts. Suitable salts include those formed with both organic and inorganic 
acids. Such acid addition salts wiU normally be pharmaceutically acceptable although salts 
of non-pharmaceutically acceptable acids may be of utility in the preparation and 
purification of the compound in question. Thus, prefened salts include those formed from 
hydrochloric, hydrobromic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, acetic, 
succinic, fumaric, maleic, medianesulphonic and benzenesulphonic acids. 

Salts of compounds of formula (D may be fomed by reacting the free base, or a salt, 
enantiomer or tautomer thereof, with one or more equivalente of the appropriate acid. TTie 
reaction msqr be earned out in a solvent or medium in which the salt is insoluble or in a 
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solvent in which the salt is soluble, for example water, dioxane, ethanol, tetrahydiofiiran or 
diethyl ether, or a mixture of solvents, which may be removed in vacuo or by fieeze diying. 
The reaction may also be a metathetical process or it may be canied out on an ion exchange 



resm. 



Novel intermediates of fomiulae (11). (IV). (IV) and (V) form another aspect of the invention. 
Compounds of formula (D) may be prepared by reduction of a compound of foimuh (VII) 




(VII) 



NHOH 



wherein A, R' and are as defined above. 

This reduction process may be performed by treatmg the compound of fora»ula (VH) with 
hydrogen in the presence of palladhim on carbon or rhodium on alumina or Raney nickel at 
elevated tenqKrature and pressure, typically 65 °C and 30 atmospheres pressure. 

Compounds of formula (VII) may be prepared by reaction of a compound of formula (VHI) 




(VIII) 



wherein A, R' and R^ are as defined above, 
with hydroxylamine hydrochloride. 
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In this reaction, the two reactants may be heated together in the presence of a base, such as 
sodium methoxide, in n^thanol. 

As alternative preparation methods for compounds of formula (11). a compound of formula 
(Vm) may be treated with a primary alcohol such as ethanol in the presence of add. and 
subsequenUy treated with ammonium chloride to yield the compomid of formula (O). Or a 
compound of fomiula (VXE) may be treated with a mixture of ttimethylalumhiium and 
ammonium chloride in a solvait sudi as toluene. 



As a further alternative preparation method for compounds of formula OS), a compound of 
f<»mula(DO 




(IX) 



wrtierein A, R' and are as defined above. 
nuQr be treated widi ammonia. 

nic reaction wiD take place under standard conditions, although a preactivation step is 
normally necessary, for example usmg Meerwein's reagent 

Compounds of fomiula (ffl). (Vni) and (K) are either known or may be made by 
conventional methods known per se. 

Compounds of formula (Vm) and (K) in which R^ represents alkyl 01 to 6 may be prepared 
by alkylation of a corresponding compound of formula (Vm) or (K) in which R^ represents 
hydrogen foUowir^g process (d) above. 
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Compounds of formula (IV) may be prepared by reacting a compound of formula (X) 




CX) 



wherein A, R' and are as defined above, 

with a compound of fonnula (IIQ in the presmce of an alkyi iodide. 

The conditions for this reaction will be similar to those described above for process (a). 

Conqwunds of formula (X) may be prepared by treating a compound of formula (K) widi 
Lawesson^ reagent 

Compounds of formula (U) may also be prepared by converting a compound of formula (X) 
into the corresponding alkylthio derivative by treatment with an alkyl halide (espedaUy an 
alkyl iodide) and subsequently reacting with ammonia followmg a process analogous to that 
of process (b) above. 

Litermediate compounds may be used in protected form. Protecting groi^ and details of 
processes for their removal may be found by reference to the standard text "Protecting Groups 
m Organic Synthesis", 2nd Edition (1991) by Greene and Wuts. 

The compounds of the invention and inteimediates thereto may be isolated from their 
reaction mixtures and, if necessary further purified, by using standard techniques. 

The compounds of formula (D may exist in enantiomeric forms. TTierefore. all enantiomere. 
diastereomers, racemates and mixtures thereof are included within the scope of the invention. 
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The various optical isomeis may be isolated by separation of a racemic mixture of the 
compounds using conventional techniques, for example ftactional crystallisation or HPLC. 

Intermediate compounds may also exist in enantiomeric forms and may be used as purified 
enantiomers, diastereomets, racemates or mixtures thereof. 

The compounds of formula (I) may exist in alternative tautomeric forms. Compounds of 
formula (I) (MB provided in another tautmneric form or as a mixture thereof. 

The compounds of formula (1). and ifaeir pharmaceuticaUy acceptable salts, enantiomers, 
racemates and tautomers, are useful because they possess pharmacol<>gical activity in 
animals. In particular, the compounds are active as inhibitors of the enzyme nitric oxide 
synthase. More particulariy, they are inhibitors of the inducible isoform of the enzyme nitric 
oxide synthase present in macrophages and as such are predicted to be useful in therapy, for 
exanq>le, as anti-infiammatory agents. 

The conq)ounds and dieir pharmaceuticaUy acceptable salts, enantiomers. racemates and 
tautomers are indicated for use in the treatment or prophylaxis of diseases or conditions in 
which synthesis or oversyntfiesis of nitric oxide synthase forms a contributory part In 
particular, the compounds are indicated for use in the ttcataient of inflammatory conditions in 
mamma ls, including man. 

Conditions diat may be specifically mentiraed are: 

osteoarthritis, rfieumatoid arthritis, riieumatoid spondyUtis. gouty arthritis and other arthritic 
conditiras, inflamed joints; 

eczema, psoriasis, dermatitis or other inflammatory skin conditions such as sunburn; 



inflammatory eye conditions including uveitis and conjunctivitis; 
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lung disordeis in which inflanunation is involved, for example, asthma, bronchitis, pigeon 
fancier's disease, fanner^ lung, acute respiratory distress syndrome; 

bacteraemia, endotoxaemia (septic shock), ^hthous ulcers, gingivitis, pyresis, pam and 
pancreatitis; 

conditions of the gastrointestinal tract including Crohn's disease, atrophic gastritis, gastritis 
varialoforme, ulcerative colitis, coeliac disease, regional ileitis, peptic ulceration, irritable 
Iwwel syndrome, damage to the gastrointestinal tract resulting fiom infections by, for 
example, Helicobacter pylori, or fiom treatments with non-steroidal anti-inflammatoiy drugs; 

and otiier conditions associated vdth infiatmnation. 

The compounds will also be useful in the treatment and alleviation of acute or persistent 
i nfl a mm atory or neuropathic pain or pain of a central origin. 

The compounds of formula (I) and their pharmaceutically acceptable salts, enantiomers, 
racemates and tautomers may also be useful in the treatment or prophylaxis of diseases or 
conditions in addition to tiiose mentioned above. For example, die compounds may be usefid 
in the treatment of atherosclerosis, cystic fibrosis, hypotension associated with septic and/or 
toxic shock, in die treatinent of dysfimction of die inunune system, as an adjuvant to short- 
term immunosuppresaon in organ tixmsplant therapy, in the treatment of vascular 
complications associated with diabetes and in cotherapy witfi cytokines, for example TNF or 
interieukins. 



The compounds of formula (1) may also show inhibitoiy activity against tfie neuronal isoform 
of nitric oxide syntiiase. Thus tiiey may also be useful in the treatment of hypoxia, for 
example in cases of cardiac arrest and stroke, neurodegenerative disorders including nerve 
degeneration and/or nerve necrosis in disorders such as hypoxia, hypoglycaemia, epUepsy. 
and in external wounds (such as spinal cord and head injury), hypeibaric oxygen convulsions 
and toxicity, dementia, for example pre-senile dementia, Alzheimer's disease and AIDS- 
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related dementia. Sydenham^ chorea, Parkinson^ disease. Tourctte's Syndrome. Huntington's 
disease. Amyotrophic Lateral Sclerosis. KoisakofFs disease, imbecility relating to a cerebral 
vessel disorder, sleeping disorders, schizophrenia, depression, autism, seasonal affective 
disorder, jet-lag, depression or other symptoms associated with Premenstrual Syndrome 
(PMS), anxiety and septic shock. Compounds of formula (1) may also be expected to show 
activity in die prevention and reversal of tolerance to opiates and diazeplnes, treatment of 
dmg addiction, treatment of migraine and other vascular headaches, neurogenic inflam- 
mation, in the treatment of gastrointestinal motility disoideis, cancer and in the induction of 
labour. 



For the above mentioned therapeutic indications, the dosage administered wfll, of course, 
vaiy with the compound employed, the mode of administration and the treatment desired. 
However, m general, satisfactory results are obtained when the compounds arc administered 
at a dosage of the solid form of between 1 mg and 2(X)0 mg per day. 

nie conqiounds of formula (I), and pharmaceutically acceptable derivatives tiiereof. may be 
used on their own. or in tiie form of appropriate pharmaceutical compositions in which die 
compound or derivative is in admixtare with a pharmaceuticaUy accq)table adjuvant. dUuent 
or carrier. Administration may be by. but is not limited to. enteral (including oral, 
sublingual or rectal), intranasal, intravenous, topical or otiier parenteral routes. 
Conventional procedures for the selection and preparation of suitable pharmaceutical 
formulations are described in, for example. "Pharmaceuticals - ITie Science of Dosage 
Form Designs", M. E. Aulton, Churchill Livingstone, 1988. The pharmaceutical 
composition preferably comprises less than 80% and more preferably less tiian 50% of a 
compound of formula (D, or a pharmaceutically acceptable salt, enantiomer, racemate or 
tautomerdiereof. 

There is also provided a process for the preparation of such a pharmaceutical composition 
which comprises mixing the ingredi^its. 
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nw compounds of fonnula (1), and phannaceuticany acceptable derivatives thereof, may also 
be advantageously used in combination with a COX-2 inhibitor. Particularly preferred COX- 
2 inhibitors arc Celecoxib and MK-966. The NOS inhibitor and the COX-2 inhibitor may 
either be formulated together within the same pharmaceutical composition for administration 
in a single dosage unit, or each component may be individually formulated such that separate 
dosages may be administoed either simultaneously or sequentially. 

The invention is iUusttated, but in no way limited, by tiie following racamples: 



Preparation 1 



2-Aniidi no-3-aniinopvridine hvdrochloride 
fa) 3-Azido-2-cvanopvridine 

A solution of 3-bromo-2-cyanopyriduie (Chem. Pharm. Bull. 1985, 33, 565) (2.6 g, 14.2 
mnaol) and sodium azide (1.0 g, 15.3 mmol) in DMF (30 ml) was heated at 90 °C for 16 h. 
The resulting mixture was cooled, water was added and the whole was extracted witii etiiyl 
acetate. The combined extracts were washed with sattirated brine and dried over 
magnesium sulphate. Evaporation of die solvent gave the product as an oil, which was 
purified by flash column chromatography on silica gel. eluting witiietijyl acetate/petrol 
(1:3 to 1:1) as eluent to afford the product MS (EI) "Vz 145; *H NMR (d6-DMSO) 8.50 
(IH. d). 8.09 (IH, d), 7.77 (IH, dd). 

(b) 3-Am ino-2-cvanopvridine 

A solution of 3-azido-2-cyanopyridine (1.44 g, 9.9 mmol) in etiianol (100 ml) was 
hydiogenated over palladium on cariwn (10%, 50 mg) at room temperamrc and 3.5 p.s.i for 
18 h. The catalyst was filtered off over Celitc and the filtrate was concentrated to leave die 
pnxiuct (1. 16 g). *H NMR (da-DMSO) 7.87 (IH, d), 7.33 (IH. dd), 7.22 (IH. d), 6.28 (2H, 
s). 

(c) 3-Amino-2-faminofh vdn)Xvimino)methvl)py riHinft 

A suspension of 3-amino-2-cyanopyridine(1.18 g, 9.9 mmol), sodium metiioxide (0.64 g. 
12 mmol) and hydroxyhimine hydrochloride (0.83 g. 12 mmol) in ethanol (10 ml) was 
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heated under reflux for 1 h. The mixture was filtered and die filtrate concentrated to an oU. 
which was purified by flash column chromatography on silica gel. eluting with 
dichloromethane/metiianol(50:l to 10:1) as eluent to afford die product as a yellow solid 
(0.82 g), MS (+CD »/z 153 {M+uf ; NMR (d^-DMSO) 9.80 (IH. br. s). 7.80 (IH. dd). 
7.10 (IH, d), 7.08 (IH. d). 6.62 (2H, s). 5.90 (IH. s). 
fd) 2-Amid ino-3-aminopvridine hvdmchlnrirf.. 

A suspension of 3-amino.2-(aniino(hydroxyimmo)methyl)pyridine (0.82 g, 5.4 mmol) and 
wet Raney nickel (ca. 0.1 g) in cthanol (200 ml) was stirred under 3 atmospheres of 
hydrogen at 60 'C for 16 h. TTie catalyst was removed by filtration and the solvent 
evaporated to give die product as an oil, which was dissolved in a small amount of ethanol. 
Hydrogen chloride in edier (IN. 11 ml) was added widi stirring and die precipitate was 
coUected by filtration to give a solid. MS (+CD ™/z 137 [M+HJ^ ^H NMR (d^-DMSO) 
9.15 (4H. br. s), 7.93 (IH. dd), 7.34 (IH, d). 7.26 (IH. d). 

Preparalion 7 

4-Ainidin o-3-aminopyridine hvdrochlnririft 
fa) 3.5-Di chloro-4-fnrmvlpvridine 

n-ButyUithium (1.6M in hexanes. 9.3 ml. 14.9 mmol) was added dropwise at 0 'C to a 
solution of diisopropylamme (1.95 ml. 14.9 mmol) in THF (30 ml). After 15 mm. at 0 'C, 
die solution was cooled to -78 "C and 3.5-dichloropyridine (2.0 g. 13.5 mmol) was added.' 
After I h, mediyl formate (0.92 ml) was added and die mixture warmed to room 
temperature over2h.dUutedwidi IN hydrochloric acid and extracted twice widi etiiyl 
acetate. The extracts were washed widi brine, dried over sodium sulphate and evaporated to 
give a yellow oil which solidified, m.p. 1 10-1 1 1 °C. 

(b) 3.5-rhlnft>^vanftpyfidine 

Asuspension of 3.5.dichlonHl-formylpyridine(1.0 g. 5.68 mmol) and hydroxylamine-C?. 
sulphonic acid (0.96 g, 8J mmol) in water (20 ml) was heated at 70 "C for 16 h, dien 
cooled and extracted twice widi ediyl acetate. The extracts were washed widi brine and 
dried over sodium sulphate. Evaporation of die solvent gave die product as an oil. which 
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was purified by flash column chromatography on silica gel, eluting with 
dichloromethane/methanol (10: 1) to afford fte product MS (+EI) ™/z 172/174/176; 
NMR (CDCI3) 8.69 (2H, s). 
(c) 5-Azido-3-chloro-4-cvaiiopvridine 

This compound was prepared from 3,S-chloro-4-cyanopyridine following the mediod of 
Preparation 1(a) to give a soUd. MS (+ED °Vi 151 (M^-Na); *H NMR (CDQa) 8.89 (IH, 
s),8.69(lH.s). 

fd) 5-Amino-3-chloro-4-cyanopvridine 

Tin (II) chloride (1.42 g, 7.5 mmol) was added to a solution of 5-azido-3-chloro-4- 
cyanopyridine (0.9 g, 5 mmol) in ethanol (20 ml) and water (0.3 ml). Bubbling ensued. The 
mixmre was stirred for 1 h. and then extracted twice with ethyl acetate. The extracts were 
washed twice with saturated aqueous sodium bicart)onate and dried over sodium sulphate. 
Evaporation of the solvent gave the product as an oil which was purified by flash column 
chromatography on silica gel, eluting with dichloromethane/metfianol (10: 1) to afford the 
product MS (+CD °Vz 152 [M-H]*; 'h NMR (dc-DMSO) 8.15 (IH. s), 7.87 (IH, s). 6.88 
(2H.S). 

(e) 4-Ami dino-3-aminopvridine hvdrochloride 

This compound was prepared from 5-amino-3^hloro-4-cyanopyridine following the 
method of Preparation 1. steps (c) and (d) to give a solid. MS (-fd) "Vz 171 tM+H]"^; *H 
NMR (d6-DMS0) 9M (2H, s), 9.34 (2H. s), 8.27 (IH, s). 8.00 (2H, s). 7.55 (2H, d). 

Preparation 3 

3-Amidin o-4-aminopvridine hvdrochloride 
fa) 4-Am ina-3-cvanopvridine 

This compound was prepared from 4-amino-3-fonnylpyridine following the method of 
Preparation 2(b) to give the product as a white solid. MS (+EI) "Vz 1 19 (M)*; NMR 
(d«-DMSO) 8,38 (IH, s), 8.12 (IH. d), 7.02 (2H, s). 6.66 (IH, d). 
(b) 3-Amid tno-4-aminopvridine 
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To ammonium chloride (430 mg. 8.1 mmol) in toluene was added trimethylaluminium (2M 
in hexane. 4 ml. 8. 1 mmol) at 5 "C and the mixture was stirred at room temperature for 2 h. 
4-Amiiio-3-cyanopyridine (320 mg. 2.7 mmol) was added and the reaction mixture was 
heated at 80 'C overnight The mixture was cooled, poured onto alumina in chlorofonn. 
quenched with ethanol and filtered. The filtrate was concentrated and triturated with ether 
to give a soUd. MS (+EI) "Vz 1 19 (M-NH3)*. 

7-Aniino-4.S-daivdro-5-nhenvlthienor3.2-rfipY rimidinehvrfmrhi^P^^ 
(a) 3-Aminothiophene-2-thiocarfaoxamidft 

A solution of 3-aminothiophene-2-carboxamide (4.5 g. 31 mmol) in tetrahydrofuran was 
treated with Lawesson's Reagent (7.7 g. 1 90 mmol) and the solution was stirred at room 

temperature for 1 8 h. nie solvent was removed and the residue purified by chromat«^gr^y 
on siUca gel using dichloromethane as eluenL The product was obtained as a yellow powder 
(2.8 g, 56%), m.p. 98-99 "C. 

4.5-I>ihYdnv7-fmethvldiioV5-nhenvlifaiennn 7wqp yriinidineh^^^ 
A solution of 3-aminothiophene-2-thiocarboxamide (1.0 g. 6.3 mmol). methyl iodide (039 
ml, 6.3 mmol) and benzaldehyde (0.67 g. 63 mmol) in acetonitrile was stirred at room 
teii5)erature for 1 8 h. The product was collected by filtration, washed with acetonitrile, then 
ether and dried (1.58 g. 64%), m.p.193-194 "C 

4,S-Pihvdn)-7-amino.S-phenvlfh^enor3.2-/f|-pYrimidinehvdnv.hlnriri^ 
A solution of 4.5-dihydro-7-(methylthio>5-phenylthieno[3.2^pyrimidine hydioiodide (0.5 
g. 1 .29 mmol) in acetonitrile was samraled with dry ammonia gas and then heated at reflux 
for 20 h. The solvent was removed and the residue triturated with an ether/etiianol mixtiirc to 
give the hydroiodlde salt (92 mg) as a hygroscopic powder, m.p. 179-181 °C. TTiis material 
was converted into the hydrochloride salt (m.p. 229-231 °C) by neutralisation foUowed by 
treatment with excess hydrogen chloride in ethw. 
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Example 2 



Following a process analogous to that of Exanq}le 1 , the following compounds were 
prepared: 

(a) 5-Cvclopropvl-4^hvdro-7-anMnothienor3.2- < flDvrimidinft t ^Y rfrno^^»r;H^ " p 1"^ 
196 °C. 

(b) 5-EthvM.5-dihvdn>-7-am inothienor3.2-Jlpvriniidine hvdroindirfft m p 177 

(c) H2-Thia20lYlM.5-dihYdro-7-anunothienor 3.2-Yflpvrimidine hvdroiodide trf hyAr^t^ 
ntp. 194-195 

(d) g-<2-fiifYlH.5-dihvdn>-7-aminothienor3.2.^ pvriiiudine hy rit oiodide trihvHnite m p 
239-240 °C. 



Example 3 

7-Amino-4.5-dihvdrfv5-ft thvnvlthienor3.2-Jlpvrifnidinehvdrochlnrif<ft 

(a) Following a process analogous to that of Example 1, the foUowing compound was 

prepared: 

7-Anuno^,5-dihYdro-5-(2-ftrimetfivlsilvl^thvnv1 ) thienor3.2^PYrimidine hvdminHiri^ 
"V2 250[M-tH]*. 

7-Amino-4.5Klihvdro-5-ethvnvldiienor3.2nrf] |>vriimdinehvriir^ 
A sohition of the product of step (a) (0.47 g, 1.9 nmiol) m tetiahydiofuran was treated with 
tetrabutylammonium fluoride (1 M in THF, 2.27 ml. 2.27 mmol). The solution was stirred at 
room temperature for 18 h and the solvent was removed under reduced pressure. The residue 
was purified by diromatogr^hy on aluminium oxide (Brockman Grade I, neutral) using 
dichloromethane/methanol mixtures and die crude pixxiuct fraction was further purified by 
preparative reverse-phase hplc. The product fiiactions were concentrated and treated with 
excess hydrogen chloride in ether to precipitate the hydrochloride salt After trituration with 
ether the tide compound hydrochloride salt was obtained as a cream powder (14.2 mg), m.p. 
194-196 °C. 
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Example 4 

Ethyl 7'-aminospirorpineridine-4 y-f41fi-fthiP■nn■^ ^.2■d^Dvrimiriin..^l■l-ca^boxvlafP■ 
hvdroiodide 

(a) Ethyl 7Vinethvlthio)snirorniperidiiie^SV 4 Tl>-(thienn-n ,- ^.Ki1p^ , 
carfaoxvlate hvdroiodide 

A solution of 3-aniinothiophene-2-thiocaiboxainide (0.5 g, 3. 1 6 mmol). methyl iodide (0.2 
ml. 3.16 mmol) and N-cari)elhoxy-4-piperidone (0.47 ml, 3.16 mmol) in acetonitrile was 
stirred at room temperature for 18 h. The product was collected by filtration, washed with 
acetonitrile and dried to leave a bright yeUow solid (0.88 g), MS (FAB) "Vz 326 [M+H]* 

(b) Ethyl r-aminosmrofDineridine-4.SV4^rthi.n o -r3.2-dlp vrimiHi, ,e)1-l.carho^ 
hvdroiodide 

A mixture of flie product of Example 4(a) (0.88 g. 1.94 mmol) and ammonium iodide (0.28 
g, 1.94 mmol) in a minimum volume of acetonitrile was saturated with dry ammonia gas 
and then heated at reflux for 6h. The solvent was evsqwrated and the residue purified by 
chromatography on neutral alumina eluting with dichloromethaneAnethanol mixtures, to 
give, after trituration with ether, the product, as a lemon-coloured powder (0. 15 g). m.p. 
239 "C (softens at 143 °C). 



Example S 

Ethyl 4--amino-3--chlorospin)rpineridine-4.6'n-m-th; e nor2.3.^ vrimirf tnel-^ 
hvdrochloride 

fa) 3-Amidino-2-amino- 4-chlorolhiophene hy dmrhlfiriH*. 

Trimethylaluminium (2.0M in toluene. 8 J3 mmol. 4.2 ml) was added dropwise to a stirred 
solution of ammonium chloride (446 mg. 8.33 mmol) in toluene (10 ml) at 5 «C. After 2 h 
at room temperature. 2-amino^hloro-3-cyanotfiiophene (440 mg, 2.78 mmol) was added 
portionwise over 10 min. and the solution heated to 80 "C for 2 h. cooled, poured onto 
silica (2 g), and the mixture treated widi methanol (10 ml) with stirring. After 5 min. die 
mixture was filtered, die solid washed with methanol, and tiie filtrate evaporated to give the 
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ciude product as a brown soUd (640 mg), MS ™/z 176 [M+H]^ 300 MHz NMR 

(dfi-DMSO) 9.07 (IH. br.s). 8.95 (IH, br.s). 6.92 (IH, br.s). 6.57 (IH. s) (also signals for 
excess aimnonium chloride). 

fb) Ethvl 4^-amino-3^-chlorospirorDitieridini» ^.6*r7lI^.thii.nor2.3-/fl^ 
carfaoxylate hydrochloride. 

3-Ainidino-2-amino-4-chlorothiophene hydrochloride (130 mg) was heated with N- 
caiboethoxy-4-piperidone (0.6 mmol, 0. 1 ml) at 90 °C for 2 h, cooled and evaporated. The 
residue was purified by flash column chromatography on neutral alumina eluting with 
dichloromethane/methanol mixtures, and the product was treated with IN hydrogen 
chloride in diethyl ether to afford a beige soKd. MS (+C3) "Vi 329 [M+H]*, *H NMR (d6- 

DMSO) 6.34 (IH. s). 4.10 (2H. q, J 7.2 Hz). 3.79-3.64 (4H. m). 2.09-1.99 (4H. m). 1.24 
(3H,t,J7.2Hz). 

Example 6 

4^Amino-f4^vanobenzovlVspirorDiDeridin e -4.2^-rimrpvridor3.2-dTp vrimiHin^>] 
hydrochloride 

A solution of 2-anaidino-3-aminopyridine hydrochloride (0.22 g, 1.05 mmol), l-(4- 
cyanobenzoyl)-4-piperidone ethylene ketal (1.08 g. 3.98 mmol) in IM hydrogen chloride in 
ether (3 ml) and ethanol (15 ml) was stirred at 70 "C for 18 h. The mixture was cooled, 
concentrated and purified by flash column chromatography on neutral alumina, eluting 
with dichloromethane/methanol (10: 1 to 5: 1) as eluent to afford the product as a yellow 
soUd, HLp. 173-175 "C. 

Example 7 

4^-Amino-f2-thienovlUt)irorDiDeridine-4.2^. rrH1-fpvridon.2-dlpyrimidine>l 
hydrochloride 

This compound was prepared from 2-amidino-3-aminopyridine hydrochloride following 
the method of Example 6, to give a yellow solid, m.p. 144-145 "C. 
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EthYl4^axmnospi^ofpiperidine■47^^^1^1-rnvriHn■no■W^ -^^^ ^^^ 
hydrochloride 

This compound was prepared from 2-amidino-3.aminopyridine hydrochloride foUowing 
the method of Example 6. to give a yeUow soUd, m.p. 135-136 "C. 

Example 9 

4--Amin(K4^anohepzoYl)^imrpineridine^r-ri-Hi - ^^ ^^ 
hydrochloride 

This compound was prepaiedftom 4-amidmo-3-aminopyridine hydrochloride following 
the method of Exanq)le 6 to give a yeUow solid. MS (+CD "/z 347 JM+H]*; NMR (de- 
DMSO) 10.76 (IH. s). 9.66 (IH. s). 8.96 (IH. s). 8.42 (IH. s). 8.15 (1^ s). 8.06 (IH d) 
7^6 (2H. dX 7.81 (IH. d). 7.60 (2H. d). 3.75-3.95 (2H. m). 3.35-3.6 (2H, m). 1.8-2.2 (4H. 
m). 

ExamplelQ 



piperidine-4,2--n-m-fnvrido-n^1 .r^^^idin.'>1-l-..,4^vy.,.. 



Ethyl 4^-aimnosr 
hydrochloririp. 

•mis compound was prepared from 4-amidino.3-aminopyridine hydrochloride foUowing 
the method of Exan^le 6. to give a yellow soKd. MS (+0) ""/z 290 [M+H]*; NMR (d^- 

DMSO)8.24(lH.s).7.95(lH.d).7.60(lH.s).7.50(lH,s).4.04(2H.q).3.4-3.6(4H.m) 
1.6-1.9 (4H,m), 1.19 (3H,t). 



Example 1 1 



WOS»8/45294 



24 



PCT/SE98/0064.1 



hydrochloride 

A suspension of 3-anudino^aniinopyridine (0.56 g). l-(4K7anoben2oylH-piperidone 
ethylene ketal (1.08 g. 3.98 mmol) and potassium carbonate (0.5 g) in ethanol (20 ml) was 
stirred at 70 °C for 48 h. The mixture was cooled, concentrated and purified by flash 
column chromatography on neutral alumina, eluting with dichloromethane/methanol (20: 1 
to 1 : 1) to afford the product as a white soUd. MS (+CI) "Vz 347 [M+H]"^; *H NMR (dg- 

DMSO) 8.99 (IH. s). 8.34 (IH. d). 7.97 (2H. d). 7.60 (2H. d). 7.01 (IH, d). 3.3-4.0 (4H, 
m), 1.8-2.2 (4H,m). 

Example i1 



Ethyl 4--amino.spirorptperidine-4 ?r.ri-H1-fnvriHor9 ^.Hlr y^niidineM-1-c.rK..y.,., 

hydrochloride 

a) Ethyl y,4-.dihYdro-4--oxosDirorniDeridin^.4 r. fi^^pvrirf^p, ^ 
carboxvlate 

3-Amido-2-aminopyridine (0 J g. 3.6 mmol). N-carbethoxy-4-piperidone (0.7 g. 4.02 
mmol) and 3A molecular sieves (4 g) in IM hydrogen chloride m ether (3 ml) aid ethanol 
(10 ml) were heated at reflux for 1 h. The mixture was absorbed onto siHca gel and purified 
by flash column chromatography on sflica gel eluting witf, dichloromethane/metiianol 
(20:1 to 5:1) to afford die product as a white solid (0.8 g). MS (+0) ™/z 291 [M+H]''; 'h 
NMR (d.-DMSO) 8.56 (IH. s). 8.36 (IH, s). 8.21 (IH. d). 8.02 (IH. d). 6.80 (IH. dd)!4.04 
(2H, q). 3.4-3.62 (4H, m), 1.65-1.92 (4H. m). 1.18 (3H. t). 

Ethyl y.4--dihYdn>^--thioxo.snirori)ineridinP-A ^^ - rim-fnvririor9 , ^favrin.iriinP>] -i- 
carfaoxvlate 

A solution of ethyl 3'.4'-dihydro^'.oxospiro[piperidine-4.2'-[l'H]-(pyrido[2.3-d]- 
pyrimidine)]-l-carboxylate (0.74 g. 2.55 mmol) andLawesson's reagent (0.62 g. 1.5 mmol) 
in dioxane (15 ml) was heated at reflux for 2 h. The mixture was absorbed onto silica gel 
and purified by flash column chromatography on silica gel. eluting with 
dichlorometfiane/methanol (50: 1) to afford die product as a white solid (0.7 g). MS (+0) 
"/i 307 [M+Hf ; 'h NMR (d^-DMSO) 10.37 (IH. dd). 8.34 (IH. dd). 8.24 (IH. dd), 8.10 
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(H. s). 6.76 (IH. dd). 4.04 (2H. q). 3.6-3.78 (2H. m). 3.3-3.5 (2H. m). 1.75-1.90 (4H. m) 
1.21 (3H,t). 

(c) Ethyl 4^aminospirorpiperidine-4 ?--ri-Hl-rnvriHn. p ^i,nvrimiHin.)] -i-.p^^^.,.^^^ 
hydrochloride 

To a solution of ethyl X4'KUhydro^'.thioxospin)[plperidine-4^'-[l'H]-(pyrido[23Kl]- 
pyriimdine)]-l-carboxylate (0.5 g. 1.63 nimol) in acetonitrile (20 ml) at room temperature 
was added iodometfiane (0.1 ml, 1.63 mmol). The solution was stined for 20 h. evaporated 
and purified by flash column chromatography on siUca gel, eluting with 
dichloromethane/methanol (10:1) as eluent to afford die thiounidate. The thioimidate was 
dissolved in acetonitrile saturated witf, aimnonia (20 ml) and heated at 1 50 'C in a bomb 
for 48 h. The solution was evaporated and the residue was purified by flash column 
chromatography on neutral alumina, eluting with dichloromethancAnethanoI (10:1) to 
afford, after being acidified wiUi IM hydrogen chloride in ether.die product 
MS (+CD ™/z 290 [M+H]^; NMR (d,-DMSO) 1034 (IH. s). 9.40 (IH. s). 8.61 (IH. s). 
8.41 (IH. s). 8.40 (IH, dd). 8.26 (IH. dd). 6.89 (IH. dd). 4.05 (2H. q). 3.4-3.7 (4H. m) 
1.85-2.01(4H.mX1.20(3H.t). 

Example 13 

4-Amino-2-f2-thienvlVpvririnn^-d1nvrimirfm^hvdrochlnriH^ 
A solution of 2-amidino-3-aminopyridine hydrochloride (0.10 g. 0.47 mmol) and 2- 
thiophenealdehyde (60 mg. 0.54 mmol) in ethanol (1 ml) was stirred at 50 »C for 18 h. Hie 
mixture was cooled, then concentrated and the residue was purified by flash column 
chromatography on neutral alumina, eluting with dichloromethane/methanol (20:1 to 10:1) 
as eluent to afford the product as a brown/red soUd, m.p. 186-187 °C. 

Example 14 

r-Amino-l-f6^ano-3-PYridinp^4irbonvl>snimrp ip^ ridine-4S^M^-f^ 
Pvrinaidinft)! hvdminrfirti. 
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This was prepared by the method of Exanqile 4 using H6-cyano-3-pyridiiMcai1x>nyl)-4- 
piperidone ethylene ketal (WO 97/14686). M.p. 260-261 °C (dec.). 



SCTBCTS 

The phannacological activity of compounds according to the invention was tested in the 
following screens. 

Screen 1 

The activity of compounds of foimula (1), or a phaimaceutically acceptable salt, enantiomer 

tautomer thereof, may be screened for nitric oxide synthetase inhibiting activity by a 
procedure based on that of F5rstennann etaL, Eur. J. Phann., 1992, 225, 161-165. Nitric 
oxide synthase converts 'H-L-arginine into 'H-L-citruUine which can be separated by cation 
exchange diromatography and quantified by liquid scintillation counting. 

Enzyme is prepared, after induction, from the cultured murine macroidiage cell line J774A-1 
(obtained firom die laboratories of the Jmpeml Cancer Research Fund). J774A-1 cells are 
cultured in Dulbeccos Modified Eagles Medium (DMEM) supplemented with 10% foetal 
bovine senmu 4 mM L-glutamine and antibiotics (100 units^ penicillin G, 100 mg^ 
streptomycin & 0.25 mg^ol amphotericin B). Cdls are routinely grown in 225 cm' flasks 
containing 35 ml medmm kept at 37 "C and in ahumidified atmosphere containmg 5% CO2. 

Nitric oxide synthase is produced by cells in response to interferon-g (IFNg) and 
lipopolysaccharide (LPS). The medhun ftom confluent culture flasks is removed and replaced 
with 25 ml (per flask) of fresh medium containing 1 mg/ml LPS and 10 units/ml BFNg. 
After a period of 17-20 hours in culture, harvesting of ceUs is accomplished by scraping the 
cell sheet from the flask surface into the culttire medium. Cells are collected by 
cenfrifiigation (1000 g for 10 minutes) and lysate prepared by adding to the cell peUet a 
solution containing 50 mM Tris-HQ (pH 7.5 at 20 "Q, 10% (v/v) glycerol. 0. 1% (v/v) 
Triton-X-100. 0. 1 mM dithiothreitol and a cocktail of protease inhibitors comprising 
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leupeptin (2 mg/ml), soya bean trypsin inhibitor (10 mg/ml), aprotinin (5 mg/mi) and 
plienylmethylsulphonyl flucmde (SO mg^). 

For the assay, 25 of substrate cocktail (50 mM Tris-HQ (pH 7.5 at 20 "Q, 400 jiM 
NADPH. 20 nM flavin adenine dinucleotide, 20 pM flavin mononucleotide. 4 fxM 
tetrahydfobiopterin. 12 nM L-aiginine and 0.025 mCi l-C'H] arginine) is added to wells of a 
96 weU filter plate (0.45nM pore size) containing 25 of a solution of test compound in 50 
mM Tris-HQ. The reaction is started by adding 50 ^1 of cell lysate (prepared as above) and 
after incubation for 1 hour at room temperature is terminated by addition of 50 fU of an 
aqueous solution of 3 mM nitroaiginine and 21 mM EDTA. 

l^UcdL^itrulIine is separated from labeUedL-aiginine using IX)wexAG-5^^ 150 of 
a 25% aqueous sluny of Dowex 50W (Na* form) is added to die assay after which the whole 
is filtered into 96 weU plates. 75 \il of filtrate is sampled and added to wells of 96 well plates 
containing solid scintillant After allowing the samples to dry the Lsjitrulline is quantified by 
sdntillatiDn counting. 

In a typical experiment basal activity is 300 dpm per 75 |U sample which is incieased to 1 900 

in the reagent controls. Conqwund activity is expressed as ICjo (the concentration of 
drag substance which gives 50% enzyme inhibition in die assay) and aminoguanidine. which 
gives an IQo (50% inhibitoiy concentration) of 10 fiM. is tested as a standard to verify tfie 
procedure. Compounds are tested at a range of concentrations and fiom die inhibitions 
obtained IC50 values are calculated. Compounds diat inhibit die enzyme by at least 25% at 
100 |iM are classed as being active and are subjected to at least one retesL 

In die above screen, die compounds of Examples 1 to 14 were tested and gave ICso values of 
less dian 25 nM indicating dtat fliey are expected to show useful dierapeutic activity. 



Screen 2 
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Compounds also show activity against the human form of induced nitric oxide synthase as 
can be demonstrated in the following assay. 

Enzyme is prepared, after induction, from the cultured human colon adrenocarcinoma ceU 
line DLDl (obtained from the European Collection of Animal Cell Culture - ceU line 
number 90102540). DLDl cells are cultured in RPMI 1640 medium supplemented with 
10% foetal bovine serum, 4 mM L-glutamine and antibiotics (100 units/ml penicUlin G. 
100 jig/ml streptomycin and 0.25 ng/ml amphotericin B). Cells are routinely grown in 225 
cm' flasks containing 35 ml medium kept at 37 X and in a humified atmosphere 
containing 5% CO2. 

Nitric oxide syndiase is produced by cells in response to interferon-y (IFN-^) and 
interleukin-lp (IL-ip). The medium from confluent flasks is removed and replaced with 25 
ltd (per flask) of fresh medium containing 250 units/ml IL-ip and 1000 units/ml IFN-y. 
After a period of 17-20 hours in culture, harvesting of cells is accon^lished by scraping 
die ceU monolayer from the flask surface into the culture medium. Cells are coUected by 
centrifugation (lOOOg for 10 minutes) and lysate prepared by adding to the cell peUet a 
solution containing 50 mM Tris-HCl (pH 7.5 at 2000. 10% (v/v) glycerol. 0.1% ivfv) 
Triton-XlOO. 0.1 mM ditiiiotiueitol and a cocktaU of protease inhibitors includmg 
leupeptin (2 figAnl). soya bean trypsm inhibitor (10 pg/ml). aprotonin (5 pg/ml) and 
phoiyhnethylsu^onyl fluoride (50 jig/inl). 

For the assay, 25 pi of substrate cocktaU (50 mM Tris-HCl (pH 7.5), 400 pM NADPH. 20 
jiM flavin adenine dinucleotide, 20 jiM flavin mononucleotide and 4 jiM 
tetrahydrobiopterin) is added to the wells of a 96-well plate. Test compounds arc 
preincubated witii enzyme by adding togetiier with 40m1 of ceU lysate (prepared as above) 
and incubating for 1 hour at 37 »C at the end of which period 10 pi of 30 mM L-arginine 
and 0.025 jiCi of L-[^-arginine in 50 mM Tris-HCl is added to start the enzymatic 
reaction. Incubation is continued for a further 1 hour at 37 'C. The reaction is terminated 
by addition of 50 jil of an aqueous solution of 3 mM nitroarginine and 21 mM EDTA. 
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LabeUed L^itrulline is separated from labelled L-arginine using Dowex AG-50W. 120 pi 
of a25% aqueous slurry of Dowex SOW is added to 96 well filter plates (0.45 pm pore 
size). To this is added 120 pi of terminated assay mix. 75 pi of filtrate is sampled and 
added to the wells of 96 weU plates containing solid scintillant After allowing the samples 
to diy the L-citrulline is quantified by scintiDation counting. 

In a typical experiment basal activity is 300 dpm per 75 pi sample of reagent controls, 
which is increased to 3000 dpm in the presence of enzyme. Compound activity is expressed 
as IC50 (the concentration of drug substance which gives 50% enzyme inhibition in the 
assay) and L-NMMA. which gives an IQo of about 0.4 pM is tested as a standard to verify 
the procedure. Compounds are tested at a range of concentrations and from the inhibitions 
obtained ICjo values are calculated. 

In this screen the compounds of Examples 1 to 14 give IC«, values less than 25 pM. 
indicating that they are predicted to show useful therapeutic activity. 
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CLAIMS; 

1 . A compound of fonnula 



R2 




(I) 



wherein 

R' represents hydrogen, alkyl CI to 6, alkoxy CI to 6. halogen or trifluoromethyl; 

represoits hydrogen or all^ CI to 6; 
A represents a five membered hetenjcycUc aromatic ring containing 1 to 3 heteroatoms which 
may be the same or different and are selected from O. N and S; or a six membered 
heteroqrclic aromatic ring containing 1 to 3 nitrogen atoms; 

(i) R' represents {dieiqrl, a six mranboed hetoocyclic aromatic ring containing 1 to 3 
nitrogen atoms, or a five membered heterocyclic aromatic ring containing 1 to 3 heteroatoms 
which may be the same or different and arc selected from O, N and S, which phenyl or 
heterocyclic aromatic ring may be optionally substituted by alkyl CI to 6, alkenyl C2 to 6, 
alkynyl C2 to 6, alkoxy CI to 6, halogen, hydroxy, alkylthio CI to 6. cyano, trifluoromediyl, 
nitro or a group -NR^^ 

and R*. R^ and R* independently represent hydrogen or allqd CI to 6; 
or 

(ii) R^ represents alkyl CI to 8, alkenyl C2 to 8 or alkynyl C2 to 8; 
and R* represents hydrogen or alkyl CI to 6; 

or 

3 4 

(iii) R and R together represent (CH2)a • Z • (CH2)b. Z representing N(COOR^). 
wherein R represents alkyl CI to 6 or haloalkyl CI to 6, or r'' represents a group 
(CH2)nYR wherein n represents an integer from 2 to 5, Y represents O, S or a bond and 
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R represents alkyl CI to 6 optionaUy substituted by halogen or nitro. or represents 

phenyl optionally substituted by alkyl CI to 6. halogen or nitro; and 

a and b independentiy represent an integer 1 to 3. provided that a + b is 3 or 4; 

or 

(iv) R^andR'*togetherrepresent(CH2)a.Z.(CH2)b,ZrepresentingN(COR\ 
wherein R* represents phenyl, a six membeied heterocyclic aix)inatic ring containing 1 to 3 
nitrogen atoms or a five membered heterocycUc aromatic ring containing 1 to 3 
heteroatoms which may be the same or different and are selected from O. N and S. which 
phenyl or heterocyclic aromatic ring may be optionaUy substituted by alkyl CI to 6. alkoxy 

CI to 6. halogen, nitro, cyano.trifluorometfiyl.alkylsulphonyl CI to6oraminosulphonyl; 
and 

a and b independentiy represent an integer 1 to 3, provided tfiat a + b is 3 or 4; 
or a pharmaceutically acceptable salt, enantiomer. racemaie or tautomer tiiereof . 

2. A compound of formula (1), according to Claim 1, wherein A represents a tiueno or 
pyrido ring. 



3. 



A compound of formula (I), according to Claim 2 wherein tiie compound i 



isa 



Uueno[2,3-rflpyrimidine or a thienot3,2-rflpyrimidine derivative. 



4. Acompoundofformula(D,accordingtoClaim2.whereintiiecompoundisa 
pyiido[2,3Hflpyiimidinc, pyrido[3,2^pyrimidine. pyrido[3,4^pyrimidine or pyrido[4> 
iQpyrimidine derivative. 



5. A compound of formula (D, according to any one of Claims 1 to4wheieuiR^ 
represents phenyl, cyclopropyl, ediyl, tiiiazolyl, eUiynyl or fiiranyl. 
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6. A compound of formula (I), according to any one of Qaims 1 to 5, wheiein R and r'^ 

are in accordance with option (ni) in Qaim 1 , Z represents N(COOC2H5). and a and b each 
has a value of 2. 

7. A compound of formula (I) which is: 
7-amino-4,5-dihydro-5-phenylthieno[3,2-fflpyrimidine; 
5-cycIopropyl-4,5-dihydro-7-aminothieno[3^-<f]pyrimidine; 
5-ethyl-44-<iihydro-7-aminoUiieno[3,2-<Qpyrimidine; 
S-<2-thiazolylH.5-dihydro-7-aminodueno[3,2-d3pytimidine; 
S-(2-fuiylH.S-<iihydro-7<aninothieno[3^-JIpyiimidine; 
7-amino-4,S-dihydn}-S-ethynylthieno[3.2-d]pyrimidine: 

ethyl T-aminospux>(piperidine-4,5X4'/0-thieno[3.2-iflpyrimidine]-l -carboxylate; 

ethyl 4'-amino-3's:hIorospiro[piperidine-4,6'(7'^0-thieno[23-cqpyrimidinel-l-carb^^ 

4'-amino-(4-cyanobenzoyl)-«piro[piperidine-4,2'-(l'H>(pyrido[3,2-d]pyrimidine)]; 

4'-amino-(2-thienoyl)-spiro[pip«idine-4,2'<l'/0Kpyrido[3;2-d]pyrimidine)]; 

ethyl 4'-aminospiro[pipeiidine-4,2Hl'^0-(pyrido[3,2Hi]pyiimidine)]-lKarboxylate; 

4'-amino<4-cyanobenzoyl)-spiroIpiperidinc-4,2'-(l'fl)-(pyrido[3,4-d]pyri 

ethyl 4'-aminospirD[piperidine-4,2Hl'Wpyrido[3,4-d]pyiimidine)]-l-carboxylate; 

4'-aniino-(4-cyanobenzoylHpiro[piperidine-4,2'-(l'iO-(pyrido[43-d]pyriniidine)]; 

ethyl 4'-aminospiroIpiperidine-4,2Ml'^0-(pyrido[23-d]pyiimidine)]-lw»ut)oxylate; 
4-amino-2-(2-thienyl)-pyrido[3^-d]pyrimidine; 

7-aniino-l-(6K7ano-3-pyiidinecarbonyI)5piroIpipaidine-4^'-(4Tl)-(thieno[3^^^ 
pyiimidine)]; 

or a pharmaceutically acceptable salt, enantiomer or tautomer diereof . 

8. A compound of formula (T) according to any one of Claims 1 to 7, or a pharmaceutically 
acceptable salt, enantiomer or tautomer thereof, for use as a medicament 
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9. A phannaceutfcal composition comprising a conqwm 

oneof Qaims 1 to 7, or a phannaceuticaUy acceptable salt, enantiomer or tautomer thereof, in 
admixture with a phaimaceuticaUy acceptable adjuvant, diluent or earner. 

10. The use of a compound of fonnula (D according to any one of Claims 1 to 7, or a 
phannaceuticaUy acceptable salt, enantiomer or tautomer thereof, in the manufacture of a 
medicament for the treatment or prophylaxis of human diseases or conditions in which 
inhibition of nitric oxide synthase activity is beneficial. 

11. The use as claimed in Qaim 10 wherein it is predommantty inducible nitric oxide 
synthase that is inhibited. 

12. Theuseofacompoundof foimula(I)asdefinedinanyoneof Qaims 1 to7,ora 
pharmaceutically acceptable salt, <»antiomer or tautomer thereof, in the manufacture of a 
medicament, for the treatment or prophylaxis of inflammatory diseases. 

15. The use as dahned in Claim 1 2 wherein die disease is asthma or rfieumatoid arthritis. 

14. The use of a compound of formula (I) as defined in any one of Claims 1 to 7, or a 
pharmaceutically acceptable salt, enantiomer or tautomer thereof, in die manufacture of a 
medicamrait, for die tteatmoit <«• prophylaxis of pain. 



,ora 

la 



15. Theuseofacompoundof formulaO) as definedin any oneof Claims 1 to7,< 
Pharmaoeuticafly acceptable salt, enantiomer or tautomer thereof, in combination witii i 
COX-2 inhibitor, in the manufactiire of a medicament, for the treatment or prophylaxis of 
inflammatory diseases. 

16. A mediod of treating, or reducing the risk of, human diseases or conditions in which 
inhibition of nitric oxide synthase activity is beneficial which comprises administering a 
therapeutically effective amount of a compound of formula (D, as defined in any one of 
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aaims 1 to 7, or a phannaceutically acceptable salt, enantiomer or tautomer thereof, to a 
person suffering from, or at increased risk of, such diseases or conditions. 

17. A method of treatment according to Claim 1 6 in which it is predominantly inducible 
nitric oxide synthase that is inhibited 

1 8. A method of treating, or reducing the risk of, inflammatory disease in a person suffering 
from, or at risk of, said disease, wherein the method comprises administering to the person a 
flien5)eutically effective amount of a compound of fomiula (I), as defined in any one of 
Qaims 1 to 7, or a phannaceutically accqptable salt, enantiomo- or tautomer thereof. 

19. The method of treatment as claimed in Qaim 18 wherein the disease is asthma or 
riieumatoid arthritis. 

20. A method of treating, or reducing the risk of, pam in a person suffering from, or at risk 
of, said condition, wherein the method conq)rises administering to the person a 
ther^utically effective amount of a conq)ound of formula ©, as defined in any one of 
Qaims 1 to 7, or a phannaceutically acceptable salt, enantiomer or tautomer thereof. 

21 . A method of treating, or reducing the risk of, inflammatory disease in a person suffering 
from, or at risk of , said disease, wherein the method comprises administering to the person a 
therapeuticaUy effective amount of a combination of a compound of formula (1), as defined m 
any one of Qaims 1 to 7, or a phannaceutically acceptable salt, enantiomer or tautomer 
thereof, with a COX-2 inhibitor. 

22. A process for the preparation of the compound of formula (I), as defined in any one of 
clahns 1 to 7, or a phannaceutically accq)table salt, enantiomer or tautomer thereof, wherein 
the process comprises: 

(a) reactionof a compound of formula (II) 
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R2 



NHg 

wherein A, R' and are as defined above, 

with a compound of fonnula (ID) or an acetal derivative thereof 



(") 



FPCOR* 

whoein and R^ are as defined above; or 

(b) reaction of a coiiq)ound of formula (IV) or (IVO 



Oil) 




(IV) 




(IV) 



wherein A. R\ R^ r' and R^ arc as defined above, and R» represents an allcyl group; 
with ammonia or an equivalent thereof; or 

(c) preparation of a compound of formula (D in which R^ and r'* are according to option (i) 
in the general definition of formula (I) given above and one or both of R^ and R** represents 
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alkjd CI to 6, by alkylation of a oxiesponding compound in whidi one or both of or R* 
represents hydrogen; or 

(d) preparation of a compound of f<»mula (I) in which represents alkyi CI to 6, by 
alkylation of a corresponding conqwund in which R^ represents hydrogen; or 

(e) deprotection of a compound of formula (I) in which one or more nitrogen atoms and/OT 
another atom is protected; or 

(f) preparation of a compound of formula (I) in which R^ and R^ arc in accordance with 

option (iv) in the general definition of formula (I) given above, by reacting a compound of 
formula (V) 

R2 

4 




N (V) 



NH2 

lie! 

with a compound of formula (VI) 



1 2 

wherein A,R ,R , a and b are as defined above. 



X— L (VI) 

wherein X represents COOR^ or COR* . R^ and R* being as above, and L is a leaving 
group; 

and where desired or necessary converting the resultant conqwund of formula (I), or 
another salt thereof, into a phannaceutically acceptable salt thereof, or vice versa, and 
where desired converting the resultant compound of formula (I) into an optical isomer 
thereof. 
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